The use of remote sensing techniques and subsequent analysis by means of geographical information system (GIS) offers an effective method for monitoring temporal and spatial changes of landscapes. This work studies the urbanization processes and associated threats to natural ecosystems and resources in the metropolitan areas of Berlin and Erlangen-Fürth-Nürnberg-Schwabach (EFNS). To compute the land use/cover (LULC) of the study areas, a supervised classification of "maximum likelihood" using Landsat data for the years of 1972, 1985, 1998, 2003, and 2015 is used. Results show that the built-up area is the dominant land use in both regions throughout the study period. This land use has increased at the expense of green and open areas in EFNS and at the expense of agricultural land in Berlin. Likewise, 5% of forest in EFNS is replaced with urban infrastructure. However, the amount of forest in Berlin increased by 3%. While EFNS experienced relatively big changes in its water bodies from 1972 to 1985, changes in water bodies in Berlin were rather slight during the last 40 years. The overall accuracy of our remotely sensed LULC maps was between 88% and 94% in Berlin and between 85.87% and 87.4% for EFNS. The combination of remote sensing and GIS appears to be an indispensable tool for monitoring changes in LULC in urban areas and help improving LU planning to avoid environmental and ecological problems.
Introduction
LULC change is a major issue of global environment change. In addition, LULC is defined as the assemblage of biotic and abiotic components on the earth's surface is one of the most crucial properties of the earth system. LC is that which covers the surface of the earth and land use (LU) describes how the LC is modified. LC includes water, snow, grassland, forest, and bare soil. LU includes agricultural land, built up area, recreation area, wildlife management area etc. The LC reflects the biophysical state of the earth's surface and immediate subsurface, thus embracing the soil material, vegetation and water. LU refers to man's activities on land, which are directly related to the land. LULC are dynamic. Changes may involve the nature or intensity of change but may also include spatial and temporal aspects [1] . LULC changes directly and indirectly involve the modification of natural habitats and their impact on the ecology of the area.
Urban LC types and their spatial distributions are fundamental data required for a wide range of studies in the physical and social sciences, as well as by municipalities for land planning purposes [2] . Remote sensing technology and GIS provide efficient methods for analyzing the LU issues and including tools for planning and modeling [1] . In this respect, multitemporal remote sensing and GIS data offer a great possibility for the documentation and the detection of LU changes at the regional level [3] . Understanding the LU drivers in the past, helps us to improve the management of current GIS tools and modelling the future.
And by understanding these drivers, one could develop plans for multiple uses of natural resources and nature conservation [1] . In this context, the advantage of remote sensing data is that collecting data are much faster and efficient in contrast with terrestrial surveys and field works. The resulting information can be used as an important data basis for decision-making at different levels of LU planning. Linking remote sensing and GIS data with existing cartographic as well as terrestrial survey offers the possibility of spatial analysis to forecasts the future developments.
Visible and shortwave infrared (SWIR) bands of Landsat Multispectral Scanner (MSS) and Thematic Mapper (TM) data have been extensively used for forestry and agricultural LC analysis since the Landsat program began in 1972 [2] .
Urban LC analysis has also made extensive use of the MSS and TM scanners.
However, the relatively low spatial resolution of the MSS (79 m) and TM (28.5 m) data only allows classification of LC to level 1 -2 of the Anderson system [2] [4]. Data collected by the MSS and TM will continue to be used as a historical global database. For example, to depict the history of past spatial and temporal changes of soil salinity in China, archive remote sensing images were used (MSS and TM Data). Landsat was chosen as the major source and longest continuously acquired collection of space-based remote sensing data [5] . However, the basic technique is applicable to any remotely sensed data that could improve the accuracy of spectral and/or spatial resolution of those data.
The majority of studies relied on remotely sensed information in order to classify LC types. Geological and biological applications have also used band ratio techniques to accentuate the spectral features of specific surficial materials, biomass, and vegetation health [2] . LC classification of urban areas has been problematic due to the heterogeneity and small spatial size of the surficial materials, which leads to significant subpixel mixing [2] [6] [7] . This problem becomes a problem by discrimination when multiple classes are required. Significant improvements in the accuracy of LC classification in urban areas have been achieved using a variety of sophisticated approaches including: 1) the use of neural networks; 2) fuzzy classification and 3) image texture analysis [2] [6].
Yet another successful technique for improving classification accuracy is incorporating post-classification in a supervised mode classification (expert system) [2] [8] [9] [10]. Harris & Ventura (1995) used zoning and housing density information to perform a post-classification (maximum likelihood) with TM data for the region of Beaver Dam, Wisconsin area [2] . Vogelmann et al. (1998) also used TM data to incorporate vegetation indices together with several ancillary datasets. Later were the indices used to monitor the LC change of about 30 million-hectare in the eastern United States [11] . Greenberg and Bradley (1997) reported population and road density information with TM data in Seattle, WA area [12] . Stuckens 
Study Areas
This study has chosen the metropolitan city of Berlin and the metropolitan region of Nürnberg-Fürth-Erlangen-Schwabach as the study areas. The metropolitan city of Berlin presents the central area of the European metropolitan region of Berlin Brandenburg. Thus, in its function as federal capital and metropolitan center of the region, Berlin is surrounded by a dense suburban space with a partial rural character [14] . The study area of Berlin located in northeastern Germany on the Spree River. Its borders range from 52˚25'10. The monthly average temperature varies between −1.4˚C in January and 18˚C in
August. The peak temperature of 35˚C is reached on some days in summer.
Winter seasons are diverse, with either mild or cold weather: the average temperature is around −3˚C to 4˚C, while summers are generally warm, mostly around 13˚C. Precipitation is evenly spread throughout the year, although February and April tend to be a drier whereas July tends to have more rainfall. The average annual precipitation in this region is 644 mm (Nürnberg Station).
Materials and Methods

Data Source
To depict the history of past spatial and temporal changes of LULC in study areas, archive remote sensing images has been chosen. To achieve the results, several multispectral Landsat data such as Landsat 4 (MSS), Landsat 5 (TM) and 8 (OLI) were downloaded for Berlin (path 193, row 23) and Nürnberg-Fürth-Erlangen-Schwabach (path 193, row 26). Images acquired in five specific years (1972, 1985, 1998, 2003 and 2015) . Table 1 shows the details on the mentioned Landsat data. TM and MSS are optical sensors which have 7, 11 and 4 multispectral bands between visible and infrared spectrum. In addition, land cover maps, topographic maps and reports (statistics) has been used in order to improve the overall accuracy of the remote sensing classifications ( Table 2 and  Table 3 ).
Data Preprocessing
All the images used in this study have been systematically corrected. Geometric corrections were performed by using ground control points (GCPs) from the digital topographic maps, LU maps and GPS control points. Identical control points were used for all five scenes to obtain a good geometric accordance. This is very important for change analysis based on Geodata. The goal of image enhancement is to improve the visual interpretability of an image by increasing the [16] . Contrast stretching was applied on five Landsat scenes and five false color composites (FCC) were produced. These FCC were visually interpreted using on screen digitizing in order to delineate LC classes that could be easily interpreted such as built-up, green and open spaces. Some classes were spectrally confused (miss-classification) and could not be separated well by supervised classification. Hence, visual interpretation was required to separate them. Atmospheric correction were implemented in order to avoid the atmospheric influence.
Image Classification
The LC classes are typically mapped from digital remotely sensed data through the process of a supervised digital image classification [16] [17] [18] . LULC classification through supervised classification method (training process), based on the field knowledge is employed to perform the classification. This classification method is used in many similar studies at different levels of LU planning classification of land cover to regional Level 1 -2 of the Anderson system and to spa- 
Data Analysis
Three methods of data analysis are adopted in this study:
• Calculation of the area in hectares of the resulting LULC types for each year for each study area is based on Landsat-Classification. The first task is to create a table showing the area of LULC classes in hectares and its percentage for each year (1972, 1985, 1998, 2003 and 2015 ) measured against each LULC type. The Percentage change was then calculated to determine the trend of change of each LU.
• Classification accuracy of each LULC class of used Landsat-images is then calculated using of reference maps and statistical data in order to evaluate the overall accuracy and then to determine the quality of information derived from the data of Landsat-Classification.
• The LULC statistics of both study areas are compared to assist in identifying the percentage change, trend, and rate of change of LULC in metropolitan areas. (Table 4 ). Figure 3 and Table  4 shows that the agricultural areas were gradually converted into the forest areas in the last 40 years. The forest area showed an increase over the time, 13 .5% in 1972, 15.5% in 1985, 17.25% in 1998, 17.72% in 2003 and 16.28% in 2015. In small areas, the farmland was converted into forest areas, particularly in the district of Pankow on one hand. However, on the other hand large forest areas such as the Grunewald and Düppel in the southwest, the Spandauer and Tegeler forest in the north-west and the large forest areas in the Köpenick district in the southeast of Berlin are tracking attention. Figure 3 and Table 4 show that the agricultural areas in 1972 were still covered relatively large even up to the edge of the city. As Table 4 shows, there is a decrease in the amount of agriculture: 15.8% in 1972, 13.2% in 1985, 2.63% in 1998, 3.34% in 2003 and 2.46% in 2015. The increase in the area of settlements and traffic in the Berlin's area is mainly at the expense of the agricultural land. 
Results and Discussion
LULC Time Series Analysis of the Metropolitan City of Berlin
Accuracy Assessment of the Metropolitan City of Berlin
The estimation of classification accuracy is an integral part of the thematic evaluation of remote sensing data. Since the classification errors have influence on the accuracy of the change detection, the overall accuracy assessment must be considered. Additionally, the classification of the LULC and a reference map are compared with one another. In this regards, the basis of random raster samples (Table 5) . To derive the LULC classes the Producer's accuracies has been used. The Producer's accuracy decreases when more pixels of a respective class has not been recognized. This is so an error of exclusion. The one-to-one check of classification accuracy shows that the overall accuracy of classification is 87.8% for 2003 and 94% for 2015. A standard overall accuracy for LULC classification is known between 85 [4] and 90 percent [21] . Table 5 shows the details of single class accuracy for the years of 2003 and 2015. Table 5 shows "built-up areas" as the most accurate Producer's accuracy for The largest forested area are located in the region of Erlangen and Nürnberg. They spread out to the outskirts as well. The forest areas had almost 20% of the area in 1972. Nevertheless, the forested areas were largely reduced due to the settlement development in the last decades. Figure 4 , Figure 5 and Table 7 
Accuracy Assessment of the Metropolitan Region of Nürnberg-Fürth-Erlangen-Schwabach
To improve the overall accuracy of Landsat image classification of the study area, the LU reference map of 2015 (edition 2015, scale 1:10,000) has been used.
The reference map were derived from the official land register information system and are available from the Bavarian Agency for Surveying and Geoinformation (ALKIS). In addition, "Bavarian state office for statistics and data processing" provided this research with the LU statistical data for the year of 2015.
These data were used to improve the overall accuracy assessment of the study area. However, the statistical data for three classes of agriculture, forest and water bodies has been provided. Nevertheless, the results were used to compare to estimate the classification errors and the quality of the 2015 Landsat image classification. Table 8 shows the accuracy assessment of each LULC class. The one-to-one check of classification accuracy shows an overall accuracy of 87.4%
for the year of 2015. A standard overall accuracy for LULC classification is known to be between 85 [4] and 90 percent [21] .
The LU accuracy assessment based on the statistical data for the three mentioned classes are as the following: Agricultural land 77.53%, forest 81.18% and water bodies 98.9%. The overall accuracy assessment for these three classes were 85.87%. Table 8 shows water bodies to be as the most accurate LU class with 98.8% accuracy. Agricultural land has the least accuracy of 89.65%. Confused spectral class with green and open area. Table 9 illustrates the LULC accuracy assessments in both hectare and percentage.
Conclusions
In this study, the Landsat archive images were used to detect the history of LULC changes in the metropolitan city of Berlin and the metropolitan region of Erlangen-Nürnberg-Fürth-Schwabach. In addition, the historical data from the maps and the statistical data have been used to check the accuracy of this detection.
Built-up area proved to occupy the largest space in both study area in the period of current study. The percentages of the built-up area were 51% to 61% for the metropolitan city of Berlin and 45% to 52% for the metropolitan region of particular the built-up area in both study areas. In the last decade, the open area in the two areas of study has been significantly expanded to ensure the nature and soil balance and for the recuperation under protection. The increase in forest and green areas is an inviting trend in the two study areas to preserve the natural ecosystems and its biological diversity in the urban areas of these regions.
The results show that the overall accuracy of remote sensing data is between 88% and 94% for Berlin and from 86% to 87.5% for Erlangen-Nürnburg-Fürth-Schwabach. This could indicate that integrating remotely sensed and GIS data are useful to monitor and mapping the LULC for both urban areas. However, better spatial and temporal resolution data enables us with improved results to avoid environmental and ecological problems.
